Connective tissue growth factor regulates fibrosis-associated renal lymphangiogenesis.
Lymphangiogenesis is correlated with the degree of renal interstitial fibrosis. Pro-fibrotic transforming growth factor β induces VEGF-C production, the main driver of lymphangiogenesis. Connective tissue growth factor (CTGF) is an important determinant of fibrotic tissue remodeling, but its possible involvement in lymphangiogenesis has not been explored. We found prominent lymphangiogenesis during tubulointerstitial fibrosis to be associated with increased expression of CTGF and VEGF-C in human obstructed nephropathy as well as in diabetic kidney disease. Using CTGF knockout mice, we investigated the involvement of CTGF in development of fibrosis and associated lymphangiogenesis in obstructive nephropathy. The increase of lymphatic vessels and VEGF-C in obstructed kidneys was significantly reduced in CTGF knockout compared to wild-type mice. Also in mouse kidneys subjected to ischemia-reperfusion injury, CTGF knockdown was associated with reduced lymphangiogenesis. In vitro, CTGF induced VEGF-C production in HK-2 cells, while CTGF siRNA suppressed transforming growth factor β1-induced VEGF-C upregulation. Furthermore, surface plasmon resonance analysis showed that CTGF and VEGF-C directly interact. Interestingly, VEGF-C-induced capillary-like tube formation by human lymphatic endothelial cells was suppressed by full-length CTGF but not by naturally occurring proteolytic CTGF fragments. Thus, CTGF is significantly involved in fibrosis-associated renal lymphangiogenesis through regulation of, and direct interaction with, VEGF-C.